An experiment was conducted to study the effects of extruded cotton seed (ECOS) and canola seed (ECAS) in the diet of male Mehraban lambs on the concentration of unsaturated fatty acids in their plasma, erythrocytes and livers. The treatments were: (1) control (C); (2) diet C+6% ECAS, (3) diet C+6% ECOS, (4) diet C+12% ECAS, (5) diet C+12% ECOS, (6) diet C+6% ECAS+6% ECOS, (7) diet C+12% ECAS +6% ECOS, (8) diet C+6% ECAS +12% ECOS, (9) diet C+12% ECAS+12% ECOS, (10) diet C+18% ECAS+18% ECOS. A complete randomized experimental design was applied. Sixty lambs (5 -6 months of age) were randomly allocated to the 10 dietary treatments in order to have six lambs (replicates) per diet. The lambs were housed in individual pens. The average weight of lambs at the onset of the study was 34.3 ± 2.12 kg. The experiment lasted for 90 days. Results indicated that the concentration of oleic acid (C18:1), linoleic acid (C18:2 n-6) and linolenic acid (C18:3 n-3) in the plasma and oleic acid and linolenic acid in erythrocyte lipids were higher in lambs fed diets containing oil seeds or a combination of the oil seeds compared to those receiving the control diet. The supplementation of 6% and 12% ECAS increased the linoleic acid concentration in the liver lipids significantly compared to those fed the diets containing ECOS. There was a linear correlation between linoleic acid content of the liver and levels of dietary ECAS and ECOS. This study provides evidence that dietary oleic acid, linoleic acid and linolenic acid might escape biohydrogenation in the rumen and showed that the type of dietary fat has a marked impact on lipid metabolism in the liver.
Introduction
The feeding of extra linoleic acid (C18:2 n-6) in the form of soyabean oil caused a marked increase in the concentration of this fatty acid in the plasma of goats (Yeom et al., 2003) . It follows that, even though unsaturated fatty acids in the diet are extensively hydrogenated by microorganisms in the rumen (Bickerstaffe et al., 1972) , the fatty acid composition of plasma lipids in ruminants can be influenced by the diet . Canola seed contains approximately 20% protein and 38% fat and can serve as a source of protein and energy to livestock (Kercher et al., 1990a; b) . Of the 38% fat in canola seed, 65% consists of oleic acid. Cotton seed oil contains 70% unsaturated fatty acids including 18% monounsaturated (oleic), 52% polyunsaturated (linoleic) and 26% saturated (primarily palmitic and stearic) fatty acids. Diets rich in PUFA lead to higher susceptibility of plasma lipids to peroxidation compared to diets rich in SFA or monounsaturated fatty acids (Kratz et al., 2002) . showed that the fatty acid composition of plasma lipids of ruminants can be influenced by their diet. Intraruminal infusion of 60 g linoleic acid (70% purity) over a period of five days in sheep raised the concentration of linoleic acid in plasma significantly . The concentrations of linoleic acid in plasma and milk were reported to increase when dairy cows consumed high levels of high linoleic acid containing diets (Loor et al., 2002; Petit, 2002) . However, the oleic acid concentration of liver fat and adipose tissue remained unchanged in adult goats that consumed a large quantity of calcium oleate (Van den Top et al., 1995) . In another study Yeom et al. (2003) noted that the fatty acid composition of erythrocytes in goats, unlike plasma lipids, was not influenced when a ration rich in soyabean oil was fed for a period of 21 days. This might be related to the short experimental (Ruckebusch et al., 1991) . The fatty acid composition of erythrocytes can be affected by high intakes of polyunsaturated fatty acids, as shown in rats (Periago et al., 1990) , calves (Sklan et al., 1972) and goat kids (Yeom et al., 2002) . Feeding extra linoleic acid (C18:2 n-6) in the form of soyabean oil caused a marked increase in the concentration of this fatty acid in the plasma of goats (Yeom et al., 2003) . Furthermore, it suggests that products from animals fed linseed (Bauman et al., 2005) and canola seed (Ghaffari et al., 2010) that contain high levels of C18:2 cis-9, trans-11, which is an isomer of conjugated linoleic acid (CLA), might have a positive effect on human health by decreasing the incidence of cancer. Oilseeds can be fed either as whole seeds or processed. Different techniques of processing can be used, with extrusion being the most common one. Since the extrusion process breaks down plant cells, it can be expected that the cytosolic triglycerides would be more accessible to rumen bacteria than when whole seed is fed, because they are more readily available for lipolysis and biohydrogenation (Maddock et al., 2006) . Gonthier et al. (2004) found that although extrusion increased the disappearance of linolenic acid, it also increased the proportion of intermediate compounds such as trans 18:1 fatty acids in the duodenal flow. The main goal of this study was to examine the effect of increasing levels of extruded cotton seed and canola seed on oleic acid, linoleic acid and linolenic acid concentrations of the plasma, erythrocytes and livers of male Mehraban lambs.
Materials and Methods
This experiment was carried out at the Animal Research Station, Agricultural Technical Schools Fasa, Shiraz, Iran. All experimental procedures used in this experiment were approved by the Animal Care Committee of the Agricultural Technical Schools, Fasa.
Sixty male Mehraban lambs, 5 -6 months of age with an initial weight of 34.3 ± 2.1 kg, were placed individually in 60 pens (1×1.5 m) and randomly assigned to one of 10 dietary treatments, constituting six lambs (replicates) per treatment. The animals were kept under natural daylight and their health was monitored throughout the experiment. The 10 dietary treatments were as follows: the Control diet without extruded oil seed; diets containing 6% extruded canola seed (6% ECAS); 6% extruded cotton seed (6% ECOS); 12% ECAS; 12% ECOS; 6% ECAS + 6% ECOS; 12% ECAS + 6% ECOS; 6% ECAS + 12% ECOS; 12% ECAS + 12% ECOS and 18% ECAS + 18% ECOS. During a 12-day adaptation period, incremental portions (25, 50, 75, and 100%) of a concentrate containing equal amounts of extruded canola seed and extruded cotton seed substituted the basal concentrate, and were fed with forage as a total mixed diet. The ECOS and/or ECAS were mixed with the concentrate before the lambs were fed. The lambs were fed twice daily at 8.00 and 17.00 in equal portions with a total of 1.4 kg feed per/lamb/day. Each diet was offered as a total mixed ration (TMR) consisting of 20% maize silage, 20% lucerne hay and 60% concentrate. Feed refusals were registered daily. The ingredients and chemical composition of the concentrates in the treatments are presented in Table 1 . The fatty acid composition of the cotton seed and canola seed is presented in Table 2 . The crude protein and fat content the experimental diets were determined using the methods described by the AOAC (1990) and neutral detergent fibre (NDF) content was determined by the methods of Van Soest et al. (1991) . The content of the metabolizable energy (ME, MJ/kg DM) was calculated as described by Alderman (1985) .
The experimental lambs were slaughtered at a commercial abattoir after 90 days at an average final live weight of 51.6 ± 2.33 kg. On the last day of the experiment prior to the morning meal blood samples were taken from the jugular vein into EDTA-containing vacutainers. The blood samples were immediately centrifuged at 2700 rpm for 5 min. to separate plasma from the cells. The plasma was collected and stored at −20 °C. The erythrocytes were washed twice with cold, isotonic saline. The buffy coat was removed and the washed erythrocytes were frozen at -20 °C. Immediately after slaughter the whole liver was removed from the carcass, snap-frozen in liquid nitrogen and stored at -20 °C. Total lipids were extracted from plasma, erythrocyte and liver samples to determine their fatty acid composition by gas chromatography with a CP-FFAP CB column (25 m × 0.32 mm i.d., Varian BV/Chrompack, Middelburg, The Netherlands) equipped with a flame ionization detector. The carrier gas was hydrogen and the oven temperature was programmed at 120 °C and held for 1 min, then increased to 180 °C at a rate of 5 °C/min, held for 18 min, increased to 200 °C at 2 °C/min, held for 1 min, increased to 230 °C at a rate of 2 °C/min and held for 19 min. The injector temperature was set at 270 °C, and the detector temperature at 300 °C (Yeom et al., 2003) . Methylation of erythrocyte fatty acids was performed according to the method of Angelico et al. (1983) and the fatty acids were determined using gas chromatography. The data were analyzed using the general linear model (GLM) procedure of SAS for windows (SAS, 2004) . The effects of treatment (extruded oil seeds) were included in the model. Initial weight was used as the covariate for analysis of data. Means were compared using least square means adjusted for Duncan (P ≤0.05). The single degree of freedom orthogonal contrasts was used to compare the effects of ECOS vs.
ECAS, as well as ECOS vs. ECOS + ECAS and ECAS vs. ECOS + ECAS.

Results and Discussion
The effects of the diets that contained ECOS and/or ECAS on the unsaturated fatty acid composition of the plasma, erythrocytes and livers of the lambs are shown in Table 3 . Concentrations of oleic acid, linoleic acid and linolenic acid in plasma lipids were significantly (P <0.05) affected by dietary treatments (Table 3) . Feeding diets containing ECOS or ECAS increased the concentrations of oleic acid, linoleic acid and linolenic acid in plasma and oleic acid and linolenic acid in erythrocyte lipids compared to the control treatment. Yeom et al. (2005) reported that the feeding of a concentrate containing olive oil significantly elevated the oleic acid level of plasma and total lipids in goats. Feeding high levels of dietary fat tend to have an inhibitory effect on ruminal biohydrogenation and negative effect on rumen microbial fermentation (Jenkins, 1993) . Marchello et al. (1972) showed that steers fed a 6% safflower oil supplemented diet had higher serum linoleic acid (C18:2) concentrations than those fed animal fat. The highest concentrations of oleic acid, linoleic acid and linolenic acid in plasma lipids were found in the lambs fed the diet containing 18% ECAS + 18% ECOS, while the lowest concentrations were found in the control group (Table 3) . This result might be related to unsaturated fatty acids that escaped biohydrogenation in the rumen and are preferentially esterified into the plasma cholesteryl esters and phospholipids. Alternatively, there might be selective incorporation of fatty acids into the membranes of erythrocytes (Sato, 1974) . Hajri et al. (2002) concluded that the cellular uptake of long chain fatty acids involves two components, a passive diffusion through the lipid bilayer and a protein-facilitated transfer. Thus, the change in fatty acid composition of plasma lipids is not fully reflected by the fatty acid composition of the erythrocytes. The reason is that the membrane fluidity of erythrocytes must be maintained (Smith, 1987; Williams & Maunder, 1992) .
The highest concentrations of oleic acid, linoleic acid and linolenic acid in erythrocyte lipids were found in the lambs fed the diets containing 18% ECAS + 18% ECOS, while the lowest concentrations of oleic acid and linoleic acid were observed in the Control lambs (Table 3) . No significant differences were observed in the concentrations of linolenic acid in erythrocyte lipids of lambs fed diets containing 6%ECAS, 6%ECOS, 12%ECAS, 12%ECOS, 12%ECAS +6% ECOS or zero oil seed and those fed diets containing 6% ECAS+6%ECOS, 6%ECAS +12%ECOS, 12%ECAS +12%ECOS, 18%ECAS +18%ECOS. There were not significant differences in the concentration of linoleic acid in the erythrocyte lipids of lambs fed diets containing 12%ECAS, 12%ECOS, 6%ECAS+6% ECOS, 12%ECAS +6%ECOS and those fed diets containing 6%ECAS+12%ECOS, 12%ECAS+12%ECOS, 18%ECAS +18%ECOS. There are a few reports on the fatty acid composition of ruminant liver lipids (Enser et al., 1998; Rukkwamsuk et al., 2000) . Our study showed that the concentration of linoleic acid in the liver of the lambs was significantly (P <0.05) influenced by diets containing different amounts of ECOS or ECAS, or a combination of the two. The highest concentration of linoleic acid in the liver was found in lambs fed the 18% ECAS + 18% ECOS diet, while the lowest concentration of linoleic acid was observed in those fed the Control diet (Table 3) . Some fatty acids in plasma or erythrocytes responded more readily to dietary oil seeds than others. Saturated and monounsaturated fatty acids are synthesized in vivo and, as a result, are less readily influenced by diet than polyunsaturated fatty acids such as linoleic acid (18:2, n-6) and α-linolenic acid (18:3, n-3), which to some extent reflect the dietary profile of oil (Enser et al., 2000) . Diets contained ECAS increased (P <0.05) the level of linoleic acid in liver lipids compared to the ECOS containing diets (Table 4) . Moore & Christie (1984) suggested that when ruminants are fed large quantities of unsaturated fats (as in the present study) the hydrogenation capacity of the rumen is exceeded. The changes in fatty acid composition of some tissues were described in lambs fed PUFA-supplemented diets (Vernon, 1975; Muci et al., 1992a; Enser et al., 1998) . Chang et al. (1992) concluded that the unsaturated fatty acid composition of the ruminant tissues may be modified through the diet if the fatty acids escaped ruminal changes. The high level of linoleic acid (C18:2), as observed in this study in the livers of ECOS and/or ECAS fed lambs (Table 3 ) may reflect the levels of dietary C18:2 concentration of the diets tested.
The highest responses of oleic acid, linoleic acid and linolenic acid in plasma, erythrocytes and liver lipids were observed in lambs fed diets containing ECOS or ECAS compared to those containing ECOS+ECAS (Table 4) . The linoleic acid concentration of liver lipids was significantly higher (P <0.01) in the lambs fed diets containing ECAS than lambs fed diets containing ECOS (Table 4 ). There was a linear correlation between different levels of ECOS or ECAS with the concentrations of oleic acid, linoleic acid in plasma and erythrocytes (Table 4) . There was also a linear correlation between different levels of ECAS or ECOS with the concentrations of linoleic acid and linolenic in the liver.
Conclusion
The results of the present experiment showed that supplementing of Mehraban lambs with different levels of dietary ECAS and ECOS significantly increased the oleic acid, linoleic acid and linolenic acid concentrations in plasma. The fatty acid composition of both plasma lipids and erythrocytes may be influenced by the type of dietary oil in Mehraban lambs. Feeding diets with different levels of ECAS or
